Conformational dynamics coupled to protonation equilibrium at the CuA site of Thermus thermophilus: insights into the origin of thermostability.
An extremely slow pH dependent conformational equilibrium between a valence-delocalized and a valence-trapped species of the dinuclear CuA domain of cytochrome c oxidase from Thermus thermophilus has been identified and characterized using UV-visible absorption, circular dichroism, time-resolved fluorescence and electron paramagnetic resonance spectroscopy as well as by stopped-flow kinetic techniques. The results indicated that the nature of this pH dependent conformation change in the CuA domain in the Thermus protein was distinctly different from that observed in the mesophilic analogue from Paracoccus denitrificans and in the engineered CuA domain in azurin. pH jump kinetic studies suggested existence of a fast deprotonation equilibrium followed by slow conformational change in the protein, which is contrary to that observed in the case of the analogous protein from P. denitrificans. Continuous-flow electrospray mass spectral studies on H/D exchange in the TtCuA showed that approximately 75% of the protons are exchanged within the dead-time of the experiment supporting fast proton transfer kinetics in the protein. Analysis of temperature dependence of the kinetics of the conformational transition showed that the rigidity of the protein structure decreases with increase in temperature. The results indicated that though the rate of proton transfer at individual sites in the protein could be very fast, the conformational change that requires simultaneous breaking of several interactions in a segment of the structure might be slow in the thermostable protein.